IN order to find fifty instances of the use of some method of fixation which was not solely related to the teeth, it was necessary to review the records of onlv 120 consecutive cases of fractures of the mandible or maxilke, which had been treated in the Plastic and Jaw Centre at an E.M.S. Hospital.
This, then, is one excuse for the incursion of a surgeon into what might be regarded as a dental field. Another is the fact that as a member of the Repair Team, the surgeon is often dependent upon immediate primary replacement of facial fractures before he can undertake the repair of soft tissues. He is therefore concerned to use methods which are immediately applicable and which do not impose limitations on his activities. A further excuse is that the method of fixation of mandibular fragments wvhich are to be the site of a bone graft, may affect the technique of the operation.
The multiplicity of the fractures in any given case may have some bearing on the method of treatment of each part, and it may determine the order in which this treatment should be applied. rhe nearest intact bone may *vell be the vault of the skull; the plane of the teeth nmust be rigidly anchored to this and once this is done a basis for support of, sav, the orbital floor or the malar zygomatic compound is obtained. In stuch circumstaances it seems obvious that efficiency can be obtained onlv by a Team conisisting of a suLrgeon, a dental surgeon, and a mechanic. To these must be addledI ani anesthetist, upon wvhose skill the possibility of early treatment is often dependent.
Each man must have a working knowledge of the technical problems confronting the other members of the Team. Under such a regime it is unlikely that any part of the repair will fail to receive its due share of attention. Soft tissues will not be sutured withotit adequate primary bone fixation. Dental occlusion will not be obtained whilst orbital disorganization is overlooked. Bone control will not necessarily be thoulght of only in terms of teeth.
The cases illustrated have been chosen partly becauise they are unorthodox, but mainly because they show how combinations of simple methods may often solve difficult problems. It is not to be assumed that any illustration is regarded as the correct method of treatment for any given fracture. Some of the methods we may never use again, and others may well be inapplicable to a case which is apparently identical with that illustrated.
WIRE
Wire has been used in dentistry for many years and there cani be -erv little that is new in its application. One of its great advantages is that it is readily available anld bv a little ingenuitv can be made to solve awkward problems, particularly when the ser--ices of a mechanic and his laboratory are not available. There appear to be occasiolns upon which its very simplicity may determine its use even in the best equLipped unit. At the beginning of the war,'soft brass ligature wire, 22-24 gauge, was chiefly used. Later wve were able to obtain annealed stainless steel of the same gauge, and this is now preferred l)ecause it has less tendency to stretch.
MANDIBULAR APPLICATIONS
Circumferential wires have been used for many years. For the edentulous jaw they are often the only method of treatment. There appears to be some diversity of opinioll about the difficulties associated with their use. The lirst difficulty is that of insertion. -This is simplified by the use of a fine curved cannula, the bore of which will just accommodat2 the wire. There has also been some difference of opinion as to whether it is safe to insert the wire from within the mouth. We have always used this route because it is easier to APRIL-ODONT. 1 416 Proceedings of the Royal Society of Medicine 2 keep close to the bone, and thus avoid the inclusion of soft tissuLes in the bite of the wN'ire.
At the lower margin of the mandible there is a small triangle of tissue which cannot be avoided. This is always severed by sawing the wire backwards and forwards three or four times before twisting it into position over the splint. This obviates two difficulties; first, pain due to the inclusion of this tissue, and second, slackening of the wire whiclh occurs wvhen the included tissue gradually gives way uinder pressure. With regard to the question of infection when the oral route is used, wve have experienced onlv one case in which it was necessary to drain a small abscess, and even this was at the site of a previouLs infection secondarv to osteomvelitis. The X-rays shown in fig. 1 illustrate the ordinary type of metal trough splint tied into position over the manidible. In this case it wvas used to fix the mandible prior to the bone graft shown in the lower illustration. A useftl elaboration is shown in fig. 2 . In this case there was a fracture in the body of the mandible together wvith a fractuLre of the right condyle, and both the condyle and the coronoid process on the left. The posterior circumferential wires carried additional wire loops which emerged through the skin. These were then fixed to vertical rods anid distraction of the condylar fractures so obtained.
Angle wires. These have bcen almost completelv discarded because of their failutre to immobilize a posterior fragment. With traction to a headcap, the ordinary allgle wvire does control flexion at the temporo-mandibular joint, but does not correct adlductioll vith-ouLt increasing rotation. In addition the fragment still moves wvith swallowing.
MAXILLARY APPLICATIONS
Cheek wires. When the maxilla is completely floating and perhaps especially w\Nhen there is an antero-posterior palatal fracture with differences in level of the two sides, a simple method of suspension by wvire alppears to work well. A plaster skuLll-cap wxith horns over the outer halves of the stupra-orbital ridges is applied.
(It may be justifiable to diverge here to say a word abotut these caps. OuLr own preference is for the completelv unpadded tvpe from which the hair is protected by a single layer of stockinette. There are two essential parts to the cap. The first is the horizontal band which carries the appliance. This must be carefully moulded well down below the occipital protuberance, and must not press on the supra-orbital ridges. The second part consists of a vertical band from the preauricular area on one side across the *-ertex to the opposite side. This should carrv the weight, and no pressutre bevond that necessarv to obtain close apposition to the occiput should be exerted by the horizontal band. The posterior quadrant of the cap is left open, both for the sake of lightness and to allow the hair to escape. This will be seen in figs. 3, 4, 5 and 6.)
Cap splints are constructed for the upper and lower jaws. On the maxillary splint -an inverted hook is provided in the region of the first premolars on each side. The jaws are closed together in correct occlutsion, and it is obvious that for this purpose the mandible must be used as a guide. Elevation of both the maxilla and tbe mandible is obtained bv passing a wire from the horns of the plaster skull-cap to the hook on the cap splint throuLgh the soft tissues of the cheek. Spring loading can be applied if necessary an-d bv this means correct reposition obtained. Fig. 4 shows a wire on the left side, with elastic loading to elevate the maxilla. The right half of the bone wvas controlled by a tubc threaded over the wire. This will be mentioned later.
The lower X-ray in fig. 1 shows the attachment of such wires to the cap splint. It might be thought possible to raise the maxilla too high by such a method, but in our experience this is not the case.
A modification for use in the absence of facilities for the construction of cap splints hLas been tried in an extremelv extensive fracture of the maxilla. Diplopia and cerebrospinal rhinorrhaea were present. Arch wires were fixed to upper and lower teeth and correct occlusion obtained. The cheek wire was then passed downward, not to the maxillary but to the mandibular arch. This was to avoid any tendency to laceration of the gums. Immediate complete control was obtained and there have been no difficulties in spite of the fact that the patient was nursed by reason of other injuries tinder an ordinary surgical regime. The presence of the wire in the cheek occasions the patient no discomfort and subsequent scarring is rarely visible, if care is taken to insert the wire in a direct line from the cap to the splint.
Maxillarv alveolar wiring was introduced in this country by our colleagues, 'Messrs. Kelsey Fry, McLeod and Walker, at East Grinstead. Brieflv, it consists of actually tying a splint on to the superior maxilla by two or three wires passed through the alveolus. Care must be taken to avoid the antrum. There are one or two technical problems concerned with the insertion of the wire at a level which makes it possible to keep the splint tight, but these are not insuperable. Fig. 2 shows a case in which the upper splint was tied into position and the wires efl-ecting this can be seen in the X-ray views. ROD AND BAR FIXATION This is a well-tried method, though some of its applications may be relatively new. We have abandoned the Kingsley type of splint because of its inaccuracy and instability. Its place has largely been taken by direct rod fixation from the plaster' cap; the use of small universal joints has simplified this technique enormously and fig. 5 illustrates a typical vertical bar with two universal joints. One-eighth inch silver steel or German silver rod is most commonly employed.
The horizontal part of the appliance in fig. 5 is described later.
MANDIBULAR APPLICATIONS
Control of the edenttulous posterior fragment.-Though many of the methods previously used have now been superseded, it may be interesting to review some of them. It has already been stated that we have been dissatisfied with angle traction wires. In an endeavQur to obtain more rigid control, we first applied a U-shaped loop of flattened German silver to the angle by means of two wires; one limb of the loop was therefore rigidly attached to the bone, while the other, emerging through the skin,.pointed forward.
This was attached by a sliding tube to a rod somewhat like a Kingsley bar from the mandibular cap splint. The method was reasonably satisfactory except for the length of rod involved. Later, therefore, we carried the bar through the soft tissues of the cheek directly from the splint to the angle. This meant that we were dependent upon the use of a malleable bar for accurate repositioning, and though on the model this is easy to manipulate, in practice it is prone to be inaccurate.
MAXILLARY APPLICATIONS
A simple type of fixation, as illustrated in fig. 5 , is frequently used. It may, however, be found that one side of the maxilla is raised too high in relation to the other. Fig. 4 illustrates a method of exerting downward pressure by means of a tube threaded over a cheek wire. The left side is spring loaded to raise it. In this particular instance, retroposition of the maxilla as a whole was corrected by traction with a 4 lb. weight over the foot of the bed. Naturally, such extensive procedures are necessary only when the initial treatment has been inadequate. In this case the maxillary fracture had been ignored for three and a half months and the models show an open and an oblique bite.
A modification of the rigid bar has been introduced by Squadron Leader MacGregor  (fig. 6 ). This gives threaded screw control in all planes. The extremely heavy pressures necessary to replace an old fracture may not be tolerated by this appliance, thoughthe difficulty could be overcome by adding cheek wires to obtain lift at the point of maximum resistance, i.e. in the pterygoid region. For recent fractures it gives a precision of control which is unique.
None of these methods is new in principle, though some of the modifications are relatively recent. They have been brought forward only to point out that combinations of the various standard appliances will cover most eventualities.
PINS
There is, however, one principle which has not previously been applied to the mandible. This is the crossed pin method of external fixation. In previous publications it has been pointed out that this principle does not supersede any of the accepted and well-tried methods. It is, however, most applicable to that fracture which has hitherto been least easily controllable, namely, the fracture at or near the angle with a short posterior edentulous fragment. The actual method of fixation varies in different Units. One type is illustrated in fig. 7 . This dispenses with any type of universal joint, whilst still providing universality of movement. The technique of application is simplified by having an assistant. Primary reduction is effected by him from within the mouth. The surgeon marks out on the skin the position of the lower margin of the mandible and the fracture line; he then inserts a pair of pins into each fragment, crossing them as shown. Care is taken to keep close to the lower margins of the bone to avoid tooth roots and the inferior dental canal, and not to penetrate completely through the bone. He then couples each pair of pins to its plate, and now has control of the bone fragments from outside the mouth. He maintains the reduction whilst his assistant checks the bite, and then tightens the screws controlling the intervening fixation bar. Minor corrections can easily be made without subsequent anmesthesia. Fig. 8 shows the three phases in the treatment of a typical fracture.
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The advantages of this method may be summarized as follows: (a) Absolute control and fixation without discomfort. (b) Retention of mobility of the temporo-mandibular joint with the maintenance of function and the relative absence of feeding problems.
(c) Complete absence of all intra-oral fixation with consequent cleanliness of the mouth.
In our experience with these pins, we have come across a few difficulties. In one case we were unable to get retention of the pins in the posterior fragment. This was probably due to two factors: the patient was an emaciated elderly man, who had been edentulous for many years, and there was marked atrophy of the bone. The other factor-probably less important-was the leverage exerted by the weight of the appliance. This has since been reduced from approximately 1 /2 oz. to less than I/2 oz.
A second difficulty was experienced in an airman who had suffered from an ununited fracture at the angle for many months. The bone ends were freed and freshened and the pins applied. On the third day he complained of increasing and intractable pain in the region of the fracture. No obvious cause could be found. The X-ray appearances did not suggest that the pins in the posterior fragment were near the inferior dental canal.
It was thought, however, this must be the case, and that either cedema or a small haemorrhage was exerting pressure on the inferior dental nerve. The posterior pins were therefore removed, and reinserted nearer to the posterior margin of the ascending ramus with immediate relief. The appliance was subsequently left in position for three and a half weeks without discomfort.
A third difficulty was encountered, though this was when we were endeavouring to assess the potentialities of the method. There was a bilateral fracture at the angle with gross downward displacement of the central fragment. We inserted three sets of pins, one in each fragment. This meant that the weight of the horizontal ramus, together with the stresses of the infra-mandibular muscles and the tongue, were being borne by the torsional resistance of the pins in the posterior fragments. Naturally enough, we did not obtain absolute control, and it was necessary to provide anterior splint support in addition. Thereafter the fractures were treated separately by the same method, with a good result.
So much for difficulties. Other questions arise. Can the method be applied in the presence of infection in the fracture line? We have used it on at least six such occasions with good results, and we have also used it to bridge compound soft tissue injury, without any disturbance. Is the method painful? Does it leave appreciable scars? To these the answer is no. We feel, therefore, that here we have an additional appliance which offers an excellent chance of success in those fractures which have previously been least satisfactory. Pins can be applied either alone or in combination with other methods. Fig. 9 shows pins in position in the posterior fragment; this patient had lost considerable bone in the region of the angle of the mandible following upon an infected compound comminuted fracture due to a bomb injury. Flexion of the short posterior fragment was so marked that function of the temporo-mandibular joint was seriously reduced. This is well shown in the photographs of the patient in fig. 5 . The posterior fragment was mobilized and held in position by distraction via a rod to a Gunning splint wired on to the mandible. At first the mandible was fixed to a plaster cap by a central bar; this was later removed and the mandible and its graft allowed to move as one piece. I can think of no other method which would give such efficient controil, and it will be noticed that this again is an example of the frequency with which more than one basic method is employed on the same patient.
In giving this brief resume of various combinations of new and old methods, I have drawn freely upon cases treated by other members of the Unit. To my dental colleagues, Mr. Dudley Buxton, Mr. B. W. Fickling and Squadron 'Leader A. B. MacGregor, R.A.F.V.R., and to my surgical associate, Mr. Barron, I would like to express my' sincere thanks, not only for their courtesy in allowing me to quote their cases, but also for their part in the discussion and planning which has gone towards the obtaining of good results in difficult cases.
